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Abstract
The Ag nano-structured thin films prepared on flat glass substrates have been studied. The ball-like silver nanoparticles
have been synthesized in large quantity by using a modified method of hydrolytic decomposition of silver complexes with
amino types ligands formed in ethanol aqueous solution. SEM analysis revealed that Ag nanoparticles are all sphere shaped
with bimodal size (40 and 70 nm) distribution. The results of XRD powder pattern examination show that Ag nanoparticles
are pure phase, well crystallized. The unit cell dimensions measured on synthesized Ag nano films show small but frequent
contraction in comparison to Ag metal standard.
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1. Introduction
Recently there have been reported a huge variety
of methods of preparation of nanostructured noble
metal materials consisting of very small (diameter
between 2 and 100 nm) metallic particles [1].
Depending on the nature of nanoparticles i.e. their
structural and textural characteristics, these material
posses interesting electronic, optical, magnetic,
catalytic and other properties that can be tailored
regarding a function of particle size and shape [2].
According to their unique properties discussed
materials are suitable for novel applications in the
fields of catalysis, microelectronics, optoelectronics,
biomedicine, etc. [3-5]. There are numerous methods
and techniques for deposition of noble metals in thin
films forms on substrate, such as physical and
chemical vapor deposition [6-10], electrochemical
deposition [11-13], chemical bath deposition [14],
mechanochemical and thermal deposition [15] and
many others. Among all of them, there is little doubt
that chemical bath deposition from organometallic
solutions [16-18] as noble metals precursors is the
simplest and probably the most economical one.
Bearing in mind the importance of nanostructured
materials in modern technology, the CNT company
developed a suitable, slightly modified chemical
technique for fabrication of Ag nanostructured thin
film on various substrates. Moreover, the thickness of
Ag thin film, as well as the size of a particle, obtained
by this technique can be easily tailored. Being
interested in catalytic properties of nanostructured
noble metals, as the possibility of improvement of the
current cleaning treatment of the refinery waste water
[19], in this paper we report the result of SEM/EDX
and XRD characterization of CNT diverse
nanostructured Ag thin films deposited on flat glass
carriers.
2. Experimental procedure
The production of material analyzed is based on a
modified method of hydrolytic decomposition of
silver complexes with amino type ligands formed in
ethanol-aqueous solutions [19, 20]. This technique is
simple and does not require any special equipment or
setup. Several samples with different thickness of Ag
film deposited on glass carriers have been obtained.
+Prof. Dr Dimitrijević passed away before submission of this paper. We dedicate this publication to his memory
Glass carriers are square plates 15 x 15 mm, with
uniform thickness and silver films are deposited from
above mentioned solutions by chemical reduction
using formaldehyde. The obtained silver films were
prepared from starting solutions with different
concentrations of silver salts (1-15 % w/w of Ag+
ions).
The microstructure and composite homogeneity of
the obtained samples were investigated using a
SEM/EDX scanning microscope JEOL-JSM 64000
LV. Energy dispersive X-ray analysis measurements
were performed under standard conditions.
The X-ray powder diffraction (XRD) patterns
were recorded on a Philips PW-1710 automated
diffractometer using a Cu tube operated at 40 kV and
30 mA. The instrument was equipped with a
diffracted beam curved graphite monochromator and
Xe-filled proportional counter. Diffraction data were
collected in the range 2q Bragg angles, 4-130 o,
counting for 0.4 (routine phase identification) and 4.0
seconds (unit cell and crystallite dimensions
measurements) at 0.02 o steps, respectively. A fixed 1
o divergence and 0.1 mm receiving slits were used. A
0.5 mm thick ribbon of pure Ag metal, prepared by the
melt spinning method, was used as a test sample in
our research. Silicon powder was applied as a
standard calibration of diffractometer. All XRD
measurements were recorded at ambient temperature.
The unit cell dimensions of prepared Ag particles
were calculated from XRD powdered data by last
square refinement procedure using the program
Lsucripc [21]. The cubic unit cell dimensions and
Fm3M (225) space group given by Swanson and
Tatge [22] were applied as a starting parameters for
least square fitting approach in Rietveld refinement
[23] procedure. Crystallite size dimensions i.e. the
length of coherent ordered structure, <Dhkl>, were
determined by using an interactive Windows program
for profile fitting and size analysis Winfit [24]. Full
width at half-maximum (FWHM) values of the(111)
peak having 2.359 Å distance was fitted assuming
pseudo Voight profile.
3. Results and Disscusion
3. 1. SEM/EDX investigations
Figure 1 (a-d) shows the SEM images of
synthesized thin films prepared from different
concentration Ag-organometallic precursors,
respectively. It is clear from these images that a
common characteristic of the particles is their
spherical shape.
It is also visible that particles are mutually
different in size varying between 30 to 140 nm with
preferred bimodal (40 and 70 nm) distribution, shown
on (Fig. 2.) for nano-film which was grown from the
solution with concentration of 15 % w/w Ag+. Similar
particle size distributions are obtained in other films
with nanosized Ag particles deposited from solutions
with different Ag+ concentrations.
Also, the particles complied with the principle of
the most dense sphere packaging. However, it is not
possible to recognize if either type FCC or HCP is
present [2, 3]. The particles´ sphere shape was
observed by Z. Wang at al. [25], who by TEM
investigations show that the spheres are actually the
Ag single crystals with developed (111) and (100)
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Figure 1.The SEM images of Ag-nanostructured thin films obtained from solutions with different organometallic precursors
concentrations: a) 2 % w/w Ag+; b) 5 % w/w Ag+; c) 8 % w/w Ag+; and d) 15 % w/w Ag+.
facets [2]. Accordingly, it may be considered that the
Ag spheres observed are single crystals, too.
Regarding Ag nano particles size distribution, it
seems that it is a random process, which is not
dependent on concentration of Ag+ ions in the
solution. However, a thickness of deposited Ag thin
film is strongly dependent on silver concentration in
the solution from which growth was performed. This
is evident from spot EDX (Energy-dispersive X-ray
spectroscopy) spectra measurements (Fig. 3.), which
were obtained from the samples shown in Fig. 1,
respectively.
A progressive increase of intensities of AgL
spectra lines (spectra a to d, in Fig. 3.) are consistent
with preparation procedure. The only difference
between growth conditions of films, whose EDX
spectra are shown on Fig. 3, is concentration of Ag+
ions in the solution. The measured Ag spectra line
becomes more intense in films obtained from
solutions with higher Ag+ concentration. It is also
important to notice that line EDX analysis in different
samples shows chemical homogeneity of Ag films. It
is known from scientific literature that intensities of
any spectral lines in EDX analysis are proportional to
element abundance. Given that EDS method cannot
distinguish between elemental Ag and Ag atoms in
other compounds, this result only illustrates the
increase of the Ag concentration in the nano-films.
Increased intensity of Ag line is attributed to the
increased content of silver in the nano film.
3. 2. X-ray powder diffraction investigations
XRD powder patterns of Ag-nano thin films
deposited on flat glass carriers are shown in Fig. 4. In
this figure the powder patterns are arranged in an
increasing order from very low (curve a) to the
highest Ag concentration (curve f). The curve
designated with the letter g shows a powder pattern of
pure Ag-ribbon which is used for comparison. As seen
in Fig.4, the basic characteristic of investigated thin
films is the presence of pure Ag crystalline phase
which is detected in all samples. As a proof for this
conclusion, which is opposite to the published [26]
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Figure 2.The Ag-nano particle size distribution histogram
(X – axis - particles´ dimensions; Y - axis –
abundance) obtained by measurements of spheres
for film morphology shown in Fig. 1. d. Film was
deposited from solution with 15 % w/w Ag+
concentration.
Figure 3.The spot EDX spectra of Ag-nanostructured thin film samples shown on Figure 1. Glass coated with Ag-
nanostructured film deposited from solution with: a) 2 % w/w concentration of Ag+; b) 5 % w/w concentration of
Ag+; c) 8 % w/w concentration of Ag+and d) 15 % w/w concentration of Ag+.
results on AgO and Ag2O simultaneous deposition
from Ag+-triethanolamine, we enclose the Rietveld
refinement plot of a sample coated with film
deposited from the solution with 15 % Ag
concentration, Fig. 5. 
Other crystallographic characteristics, such as unit
cell dimensions and grain size measurements, are
summarized in Table 1. 
The color of samples observed by naked eye is
noticed, as well. It is obvious from Table 1 that
measured unit cells of Ag-nanostructured thin films
are frequently smaller than JCPDS Ag standard.
Although we have no rational explanation for the
observed difference, we believe that our measurement
represents the first experimental evidence on unit cell
concentration in Ag-nanoparticles. It is also
interesting that due to XRD measurements the
average grain size of 18 nm is obtained. This is
several times smaller than particle sizes observed by
SEM investigations (Fig. 1. and Fig. 2.). The observed
difference can be attributed to the fact that XRD
measurements consider crystallite sizes as sizes of
“coherently diffracting domains” of crystals while
grains may contain several of these domains. Another
reason for these differences could be a possible
plasmon [27] interaction of SEM electron bundle with
Ag-nano particle surface, which appears in
magnification size effect. The true size and shape of
prepared Ag-nano particles could be determined by
TEM investigation, which will be the subject of
another paper of ours.
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Figure 5. Rietvald refinement plot of nanosilver thin film on glass carrier deposited from the solution with 15 % w/w Ag+
concentration.
Figure 4. The XRD powder patterns of Ag- nanostructured film deposited on flat glass carriers. Depositions are performed
from solutions with different Ag + concentrations: a) 1 % w/w; b) 2 % w/w; c) 5 % w/w; d) 8 % w/w; e) 12 % w/w
and f) 15 % w/w. g) a powder pattern of pure Ag-ribbon used as standard. Numerals on the top of each peak
(curve g) designate a Miler indices of characteristic distances.
4. Conclusions
In summary, a ball or sphere-like pure silver
nanoparticles thin films have been prepared in large
scale by using a simple Ag-organometallic solution-
phase approach. Size measurements (SEM/EDX)
show a bimodal distribution of Ag-nano particles (40
and 70 nm). XRD particle size measurements show
that small particles are the most frequent in
distribution. SEM/EDX investigations indicate that
the thickness of deposited Ag-nanostructured thin film
is proportional to the Ag concentration in a solution.
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Table 1. XRD and color characteristics of nanosilver thin films deposited on glass carriers from solutions with various
concentrations of Ag+ (in % w/w).
Ag+
concentration
Sample color
(by eyes)
Cubic lattice constants
(Å)
Peak width at half max.
FWHM(111)
Crystallite size dimensions
<D111> nm
1 Black Not measured Not measured Not measured
2 Black to brown 4.081 0.505 13
5 Brown 4.083 0.445 14.4
8 Light yellow 4.082 0.373 17.6
12 Light yellow 4.0814 0.329 20.5
15 Light yellow 4.0808 0.302 22.6
Ag-ribbon Light grey 4.0873 Not measured Not measured
JCPDS
4.0863
4-0783
